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ABSTRACT 


Passage  of  the  paront  Asihi  n  urn  in  yellow  fever  virus 
in  Hel,a  ceil  culture  through  sis  consecufciyii  'passages  pro¬ 
duced  s'  variant  (H"&)  that ,  unlike  P  virus:  (a)  induced 
cytopathic  effect  dip  Ue£a  and  chlc.k  fibroblast  cell"  culturegy 
(h)  became  Isore  virulent  for  vice,  and  (c)  lost  its  "yis- 
cerotropic”  Character  for  the  monkey. 


Chronic  infection  of •  HeLa  cells  with  P  virus  was  estab¬ 
lished  for  a  two -month  period.  The  virus  obtained  from 
this  culture  shewed  characteristics  of  the  P  and  H-6  and 


was  designated  parent  chronic  (Pc), 


-The  Pc  virus  strain  was  undetectable  from  3upernac&nt 
fluid  two  months  post-infection.  Cloned  populations  of 


the  surviving  cells  showed  evidence  of  the  modff i^atiorit' 
induced  by  the  Pc  virus  in  terms  of-  susceptibility  (sensi¬ 
tivity  and  capacity). 


The  author  wishes  to  thank  Mr.  Robert  E,,  Roby  and 
John  W,  Pearson  for  their  technical  assistance. 
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1. 1 NTU  OP  U  CT  ION  ' 

In  studies  with  the  intact  animal,  Theiler-  reported  modi! ication  of 
the  Asibi  strain  as  a  result  of  serial  mouse  brain  .passage.  The  altered 
progeny  differed  from  its  parent  (I?)  according  to  criteria:  (a)  mice 
infected  with  lethal  doses  of  the  former  succumbed  more  rapidly  with 
equivalent  virus  concentrations;  and  (b)  monkeys  showed  the  "neurotropic51 
rather  than  the  "vicerotropic"  syndrome.  The  viscetatropie  marker  was 
shown  by  Hailnuer3  to  decline  when  Asibi  strain  vires. was:  passaged  in  KB 
cells.' 

Some  of  the  early  investigators3  reported  that  chick  embryo  tissue 
cultures  supported  the  growth  of  a  French  (neurotropic)  strain,  while 
others4  showed  this  tissue  culture  to  be  insusceptible  to  the  viscer.Q- 
tropic  (Asibi)  strain.  Although  the  primary  passage  of  Asibllstraln  in 
tissue  cultures  of  chick  embryo  proved  to  be  unsuccessful,  the  virus  y 
progeny  of  Asibi  strain  following  18  passages  in  minced ’mouse  embryo 
culture  was  found  to  multiply  in  chick  embryo  tissue^culture.  A  com-  ; 
parable  change  in  viral  pfoperties  after  passage  canbe  further  illus¬ 
trated  4>y  the  17D  strain  (an  Asibi-derived  strain),  whieftwas  altered 
by  continued  passage  through  several  hosts  including  chick  embryo  tissue 
culture.  This  17D° variant, proved  to  be  useful  as  an  attenuated ’Vaccine  » 
for  mam  »  -  »■=  - 

The  purpose  of  this  paper  is  to  report  on  cthe  changes  in  certain 
virus  and  cellular properties  following  the  passage  of  Asibi  strain  virus 
in  Beta  cell  cultures .  • 
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Virus  strain,  cell  line,  virus  titration,  and  wash  treatment  pro¬ 
cedures  have  been  previously  described.6  . 

Plaque  Assay  -  a  modification  of  the  monolayef  plaque  method  described 
for  the  production  of  plaques  with  Venezue lan  equine  encephalomyelitis 
virus6  was  employed.  Cultures  overlayed  with^ihe  nutrient  agar  solution 
were  incubated  up  to  six  days  at  a^  temperature  of  35°'C, 


III.  .RESULTS 


A.  PASSAGE  THROUGH  HeLa  CELLS 

In  an  effort  to  induce  modif icatfon  of  the  P  Asibi  strain,  virus  was 
serially  passaged  in  HeLa  cultures.-  Virus  contained  in_a  ohe-milliliter 
volume  of  a  10"^.  dilution'was  Inoculated  into  .l1 -60  Ear le  flasks  containing 
a  monolayer  of  HeLa.  dells.  Each  culture  was  subjected  to  two  wash  treat¬ 
ments,  one  immediately  before  and  the  other  one  hour  following  inoculation.' 
The  latter  wash 'treatment  was  adopted  to  effect-' a  further  dilution  of  the  « 
unadsdrfeed  virus  and  to  elimipate  interference  as  described6  for-  the “ear ly 
phases  of  the  Infectious  cycle  In  this  system.  Prior-^to  harvest  the  only 
addition  to  an  infected  culture  was- bicarbonate and  this  only  in  concen¬ 
trations  sufficient oto  maintain  a  pH  lev>l  o£r  approximately  7.2;.  -  Through-' 
out  "this  Seriesinfected  cultures  were  incubated  at  37°C  and  Harvested  at 
arbitrary  intervals;  each  interval  was  not  le8S',than  96^houra..  „  ^ 

The -results  presented  in  Figure  L  shew  that-  a  cytopathic  effect  (C Flf) 
occurred  „»t«r ting  at  the  third-passTsge  and  became -regular  oand  predictable- 
By  the  sixth  passage.  The  CPE  occurring0 at  the  sixth  passage  was  charac¬ 
terized  by  progressive  retraction  of :the  "cytoplasm  with  granulation  and  the 
appearance  of  cellular  debris.  Since  HeLa  cells  infected  with  the  P  Asibi 
strain  showed  ho  evidence  of  CPE,  the  virus  progeny  of  the  sixth  HeLa 
passage  was  considered  -to  represent  a  variant  population  (H-6). 

••  "  --c 
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B.  COKPARISOK  OF  VARIOUS  PROPERTIES  0T  P^AHD  H-6  GROWTH  CURVE 

"  ■  -  b  - 

A  growth-curve  experiment  was  performed  with  P  and  H-6  in  HeLa  cultures 
for  the  purpose  of  further  characterization  of  these  strains.  Paired  HeLa 
cell  cultures  were  inoculated  with  10*  MICIDjq  of  each  strain  in  one- a  “ 
milliliter  volume.  After  the  cultures  were  subjected  to  post -inoculation 
wash  treatment  and  sampled  for  virus  content,  one  T-60  Earle  flask  from 
each  pair  was  placed  at  35°C,  the  other  at  37°C,  and  incubated  for  a  six- 
day^  period..  A  0.5-milliliter  volume  was  removed  daily  and  titrated  in 
mice.  The  results  of  this ^experiment  are  shown  in  Figure  2 °and  indicate 
that,  although  exponential  phases  of  virus  grcwth  in  both  strains  verelnore 
or  less  parallel,  H-6  attained  approximately  one  log  higher  peak  titer 
than  P.  Inasmuch  as  peak- titers  obtained  with  virus  through  the  course 
of  many  experiments  have  fluctuated  between  10®:  and  10'  and  those  of  H-6 
ranged  between  10?  and  10®,  this  difference  of  one  log  was  considered 
significant . 

C.  VIRULENCE  FOR  MICE  -- 

The  H-6  strain  also  appeared  to  be  more  Virulent  fot  mice".  With 
equivalent  doses,  mice  began  to  die  two  to  three  days  earlier  with  H-6 
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Eigure  1..  Rapid"  Passage  of  Yellow  Fever 
.?■'  Virus  in  HeLa  Ce/ll^ultureev.; 
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Figure  2.  Growth  of  P  and  H-6  Strains  of 
Yellow  Fever  Virus'  in  HeLa 
Cultures  at  35°  and  37°C. 


D  .  VXRtI7JvK<S  ?0$  MONKEYS  *  »  . 

Freni  experiments  performed  with  monkeys,  it  was  evident  that  H-6 
differed  from  P  virus  in  that  monkeys  infeefesd  with  the  HeLa  strain  did 
not  exhibit  a  vicerotropic  disease  syndrome  as  observed  in  those  infected 
with  P  virus. 


E,  PLAQUE  FORMATION 

A  comparison  of  the  two  strains  with  respect  to  their  plaque-forming 
ability  in  both  HeLa  and  chick  fibroblasts  was  next  investigated, «  Result.'! 
of  these  experiments  showed  that  only  the  H-6  strain  had  the  ability  to 
fora  plaques  when  either  HeLa  or  chick  fibroblast  were  employed,  and  that 
the  plaques  appeared  Fitter  the  fifth  day  of  incubation.  In  parallel 
titrations  of  the  H-6  strain,  two  logs  less  virus  were  detectable  by  the 
plaque  method  than  in  mice  that  were  inoculated  by  the  intracerebral  route. 


F.  ANTIGENIC  IDENTITY  OF  P  AND  H-6 

Neutralization  tests  were  performed  to  establish  virus  identity  and 
specificity  employing  mouse  brain  seed  of  P  virus  and  tiasue-culture.-grown 
Kr6  virus,  In  this  experiment  the  virus  contained  in  both  the  inoculum  and 
harvest  were  titrated  against  Asibi  strain  immune  sera  obtained  fromJtwo 
sources:  (a)  a  guinea  pig  immune  serum  from  animals  immunized  with  mouse 

brain  seed,  and  (b)  monkey  antiserum*  immunized  with  a  monkey  plaBma  virus 
seed.  Results  of  these  neutralization  tests  with  normal,.,  serum  controls 
showed  that  H-6  and  the  Asibi  strain  seed  virus  were  antigenically  equiva¬ 
lent;  that  is,  antisera  to  both  strains  were. equivalent  in  their  neutrali¬ 
zation  indexes.  Table  I  sunmarizes  the  differences  between  the  H-6  and  P 
strains  of  yellow  fever  virus. 


TABLE  I.  CHARACTERISTICS  OF  TWO  STRAINS  OF  YELLOW' FEVER^VUtUS 


-  Characteristics  Parent  (P) 

_ _ Asibi'  strain 

Peak  titer  from  HeLa  cell  -  .Q7 

culture  in  MICLI^g/ml 

Time  of  cytopathogenlc  effect 

(1)  in  HoI,a  ealln 

(2)  in  chick  fibroblasts 

Day  of  initial, mortality 

dn  mice  8  to  9th  day 

Monkey  virulence  Lethal 


Variant  (H-6) 
HeLa -Ce 1 1 -Der ived 
(6th  passage) 


4  dnyo 
4  days 


6  to  7th  day 
Avirdlent 


‘I'  Prepared  by  Mr.  E.C,  Corristan. 
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G.  CHRONIC  XNFECTlbN  IN  IloLa  CELLS 


In  an  of fort  to  establish  a  chronic  infoctipn  of  Asibi  strain  virus 
in  KeLa  cells,  a  culture  was  inoculated  with  10"*  MICTD^q.  The  culture  was 
subjected  to  a  wash  treatment  one  hour  post-inoculation  and  then  incubated 
for  six  days.  After  the  sixth  day,  it;  was  further  wash-treated  from  the 
twelfth  to  the  sixtieth  day  at  intervals  of  three  or  six  days.  Results  of 
this  experiment  (Figure  3)  suggest  that  a  continuous  production  and  release 
.of  yellow  fever  virus  occurred  during  turn  two-sonth  period.  Titers  regu¬ 
larly  ranged  between  10^  and  10^  MICLD50MI  from  tho  ninth  to  the  sixtieth 
day,  although  the  dilution  of  the  virus  resulting  from  the  medium  replace¬ 
ment  represented  a  greater  dilution oo£  virtu?  than  could  have  possibly  been 
in  the  inoculum. 


Virus  harvested  from  this  culture  was  designated  parent  chronic  (Pc). 
A  CPE  was  observed  in  this  culture  at  the  twelfth  day  of  incubation,  but 
after  a  change  of  medium  on  the  fifteenth  day,  morphological  characteris¬ 
tics  of  the  surviving  cells  remained  indistinguishable  from  uninfected 
control,  cultures. 

Greater  bicarbonate  concentration  was  necessity  to  maintain  pH  levels 
above  7.2  in  the  Pc  cultures  than  in  uninfected  control  cultures.  The 
increased  acidity  in  infected  cultures  has  bean  associated  with  viruses 
other  than  the  g^oup  B  arthropod -borne  viruses.7 


The  Pc  virus  recovered  from  the  supernatant  fluid  samp  He's  of  this 
culture  after  14  months  resembled  H-6  more  than  P  virus.  Hfel^a  cells 
and  chick  fibroblasts  shewed  progressive  CPE  when  indculated  with  this 
virus,  although  the  pattern  of,  akiuse  deaths  observed  following  inoculation 
was  indistinguishable  from  that  previously  experienced  with  F  virus,  Thus, 
it  was  concluded  that  the  modification  of  As.ibi  virus  resulting  from  con¬ 
tinuous  association  with  He  La  cells  foot  a  two-month  period  either  had  not 
progressed  to  the  degree- ahown  by  the  H-6  variant  and/or  resulted  in  a 
different  variant  population.  ”  0 

.55*  5  ’ 

The  surviving  cells  of  the  Pc  virus  culture  were  carried  for  an  ad-  ’L 
die ional  month  as  a  stock  culture  (medium  changes  followed  by  subcultures 
when  cell„sheets  became  confluent).  These  cells  were  cloned  (through  one 
transfer)  aegordingto  the  method  followed  previously.6  From  these  cell 
populations  only  morphologically  D-type  clones  were  obtained. 

Efforts  to  detect  minimal  virus  concentrations  from  supernatant  fluids 
were  unsuccessful  by  either  intracerebral  inoculation  of  mice  or  plaque 
assay  methods.  It  was  assumed,  therefore,  that  the  long-term  call-virus 
aoeoelation  hnd  not  only  altered  the  virus  populations  but  had  also  altered 
the^cell  population,  bo  that  only  morphologically  D-type  clones  were  recovered 


Inasmuch  as  Pc  virus  could  not  be  detected  from  the  surviving  .cell  cul¬ 
tures,  it  was  of  interest  to  determine  whether  new  infectious  cycles  could 
be  supported  by  these  D-type  remnant  populations  thjit  would  aLl?so  show  cell 
or  viru#  mcxhtfication.  Three  cultures  were  inoculated  with  10  *  MIGLD50 
concentrations  of  virus,  two  with  P  and  the  other  with  H-6.  Cultures  were 
incubated  for  six  days  at  37  eG.  The  titration  endpoints  of  daily  samples 
are  shewn  in  Figure  4.  The  initial  phase  of  virus  growth,  i.a.,  from  zero 
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through  9S  hours,  showed  no  evidence  of  modification,  either  of  virus 
4B  or  H*3)  or  of  ceils  (“noruai**3  or  previous 3, y  infected) .  In  contrast, 
differences  during- the  .late,  whaos  of  virus  growth  were  manifest:  (a) 
ftha  sulaiuatlon  of  the  exponential  growth  of  p  virus  .In  1) -type  calls 
surviving  Pc  virus  infection  attained  a  peak  titer- of  ICf4,  a  titer  of 
two  logs  lass  than  was  obtained  in  D  clones  having  no  prior  osepariaheo 
with  this  virus,  (b)  peak  virus  titers'  of  H-6  virus  worn  npnroxim.it sly 
10-‘ ^/tul,  terminating  in  virus  eoncontrationg  below  the  level  of  assay, 

It  wjjs  apparent,  therefore,  that  the  resulting  continuous  jvirua-eaii  into 
act  ion’’ had  modified  both  virus  end  cell  populations.  Whether  re*infected 
with  the  P  strain  or  primarily  infected  with  11-6,  the  surviving  cells  of 
■the  morphological  D-type  clones  showed  no  effect  on  the  early  phase  of 
virus  infection,  but  there  was  &  modification  of  the  capacity^  of  these 
cells  to  support  virus  growth.  The  effect  on  capacity  was  shown  to  be 
-greater  with  H*6  than  with  the  P  strain  virus  in  D-type  clones  of  surviv¬ 


ing  cells.  Although  the  D-type  clones  tested  may  be  composed  of  mixed 
■populations,  since  they  resulted  from  only  one  transfer,  it  should  be 
nofed  that  inoculation’ of  HeLa  cells  with  10^  MICUD^q  of  virus,  regardles 
of  clone,  always  produced  a  titer  higher  than  10 ^  bjlCUKo/11*!  and  that  the 
D-type  cells'  represented  the  vast  majority. 


nr.  discussion 
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Teats  performed  with  the  P Asibi  strain  virus  indicated  that  no  change 
had  occurred  in  the. properties  associated  previously  with  this  virus  follow 
ing  a  single  passage  in  HeLa  cell  cultures.  In  contrast ,  virus  obtained 
either  from  long-term  virus -HeLa  cell  association,  i.e,,  chronic  infection 
for  two  months  (Pc),  nr  following  six  serial  passages  in  HeLa  cells  (H-6), 
resulted'in  virus  modif ication.  "No  distinction  can  be  made  with  either  of", 
these  variant  virus  populations  as  to  whether  they  were  spontaneous  mutants 
or  that  they  represent  the  emergence  of  a  subpopulation  present  in- the 
original  population  of  ?  virus,  fho  Pc  virus,  unlike  ?,  induced  cytapathic 
changes  when  transferred  to  ’’normal"  HeLa  and  chick  fibroblast  monolayer 
cultures.  Even  more  marked  were  the  modifications  exhibited  by  othe  H-6  . 

virus  when  compared  with.  Pi  Mice  infected  with  the  H-6  virus  died  earlier 
than  those  infected  with  P  virus.  Monkeys  exposed  to  H-6  survived;  others, - 
similarly  infected  with  P  virus,  succumbed.  Plagues  were  obtained  in  chick 
fibroblast  Cultures  ;With  H-6  but  not.with  P.  Apparently,- H-6  represented  „ 
a  different  or  eyen  greater  modification  of  the  initial  virus  population  • 
than  did  Pc.  Although  the  times  g£  Pc  and  H-6  virus-cell  associations. were 
comparable,  "the  HeLa  ce^il  populations  during  the  infectious  cycles  of  Pc 
were- continually  undergoing  modification,  while  the  precursors  of  H-6  virus 
vara  exposed,  to  An  unmodified3 cellular  environment ,o  i.e.,  equivalent  to  =  u 
that  of  P  virus^  The  surviving  HeLa  population  producing  tc  did  not  under¬ 
go  marked  cytopathlc  alteration  compared  with  those  infected  with  Hn6  virus. 
Additional  modifications avidfent  in  the "HeLa  cell  population  that  produced 
Pcu indicated  that  only  the  capacity  to  produce  high  virus  concentration  and 
not  th$  sensitivity  to  infect ion “had  been  modified.  Thus,  D-type  clones  of 
the  Pc  culture  when  re-infected  with  Po  virus  shewed  Antnitial  infection 
cycle  similar  to  "normal*'  D-type  clone's.but  terminated  with  considerably 
less  virus  produced.  When  H-6  virus  was  employed  with  the>D-type  ,(Pc 
remnant)  clones,  an  even  greater  decline  in  capacity  was  detected.  Thus, 
although  the  llstype  clones "isolated  from  parent  HeLa  cells  and  chronically 
infected  HeLa  were  morphologically  indistinguishable,  they  differed  in 
susceptibility  to  P /and  H-6.  During  the  modification  of  the  HeLa,rcej.l 
population^  that  resulted  from  Pc  multiplication,  a  population  shift  in  ’£j> 
HeLa  ceils  was  observed  to  a  new  D-type  clone. 
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